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Description 

The present invention concerns macroporous 
particles, processes to produce these particles and 
the use of the particles as ion exchanger in gel 
filtration, hydrophobic chromatography, affinity 
chromatography or as microcarriers in cell cul- 
tivation processes. 

The separation of molecules is effected to a 
large extent with the aid of matrices which have 
connected thereto ligands which interact with the 
molecules concerned. These ligands may be ionic, 
hydrophobic or affinity ligands. Electrically neutral 
matrices of mutually different porosity are used 
when separating molecules in accordance with 
size, i.e. gel filtration. These matrices are normally 
spheroidal in shape, in order to afford good flow 
properties. The flow properties of the separation 
system are also determined by the size of the 
particles present; the smaller the particles the high- 
er the pressure drop, which results in a lower rate 
of flow. It is desirable in industrial applications to 
achieve high rates of flow, so that the molecules 
can be separated quickly. Another important pa- 
rameter with regard to the particles used is the 
total specific surface area presented by the par- 
ticles. The larger the specific surfaces are the more 
quickly the molecules are able to penetrate the 
matrix and interact with the ligands. The specific 
surface area can be increased by reducing the 
sizes of the particles. 

This antithesis is usually solved by taking a 
middle path, i.e. by using a relatively large particle 
size which is not optimum with regard to either the 
flow properties of the separation system or the 
specific surface area. 

The present invention overcomes the antithesis 
by manufacturing particles which enclose a large 
number of cavities, so that the particles can be 
given a size which while enabling a high rate of 
flow to be achieved also present a very large 
specific surface area. In addition to the separation 
of molecules, the extremely large surface area of 
the particles provided enables the particles to the 
used for cultivating anchorage dependent cells. In 
this technique, the anchorage dependent cells are 
allowed to grow on the surfaces of particles, micro- 
carriers, suspended in a nutrient. Because the inte- 
riors of the particles can now also be used in cell 
cultivation processes, the surface area available is 
much larger and mechanical protection is also af- 
forded to the cells during the process of cultivation. 

Thus, the invention concerns macroporous par- 
ticles which are characterized in that they have a 
particle size of 10-500 um and consist of a poly- 
mer matrix enclosing a large number of cavities 
having a diameter of 1-50 um, which particles have 
been produced by mixing a solution of a matrix 



material, prepared by dissolving a polymer and/or 
polymerizable monomers in an aqueous solvent for 
the matrix material and addition of a water-soluble 
emulsifier, with a solid cavity generating compound 

5 to make a suspension of the solid compound in the 
solution; forming particles of the polymer matrix by 
dispersion of the suspension in a water-insoluble 
dispersion medium containing a water-insoluble 
emulsifier and solidifying the suspension droplets 

10 obtained in the medium; and washing out the solid 
cavity generating compound from the particles. 

The invention also concerns macroporous par- 
ticles which are caracterized in that they have a 
particle size of 10-500 um and consist of a poly- 

75 mer matrix enclosing a large number of cavities 
having a diameter of 1-50 um, which particles have 
been produced by mixing a solution of a matrix 
material, prepared by dissolving a polymer and/or 
polymerizable monomers in an aqueous solvent for 

20 the matrix material and addition of a water-soluble 
emulsifier, with a water-insoluble dispersion me- 
dium containing a water-insoluble emulsifier to 
make a dispersion of the medium in the solution; 
forming particles of the polymer matrix by dispers- 

25 ing the dispersion in a further amount of the disper- 
sion medium and solidifying the dispersion droplets 
obtained in the medium; and washing out the dis- 
persion medium from the particles. 

These macroporous particles are produced by 

30 (A) dissolving a matrix material, selected from a 
water-soluble polymer and/or polymerizable 
monomers, in an aqueous solvent for the matrix 
material; 

(B) adding a water-soluble emulsifier; 
35 (C) forming cavity containing droplets of the 

matrix material by: 

a) adding a solid cavity generating compound 
which is insoluble in the aqueous solution 
while stirring the system to form a suspen- 

40 sion of the cavity generating compound in the 

aqueous solution; and 

b) adding the suspension to a water-insoluble 
dispersion medium containing a water-insolu- 
ble emulsifier which dissolves in the disper- 

45 sion medium while stirring to form a disper- 

sion of droplets of the suspension in the 
dispersion medium; 

D) solidifying the dispersed droplets by cooling, 
covalent crosslinking or by polymerizitation to 

so form beads of the polymer matrix each bead 
having a large number of pores containing the 
solid cavity generating compound; and 

E) washing out the solid cavity generating com- 
pound from the pores of the beads to form the 

55 macroporous particles with a large number of 
cavities; 
or by 
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(A) dissolving a matrix material, selected from a 
water-soluble polymer and/or polymerizable 
monomers, in an aqueous solvent for the matrix 
material; 

(B) adding a water-soluble emulsifier; 

(C) forming cavity containing droplets of the 
matrix material by: 

a) adding a liquid cavity generating material 
consisting of a water-insoluble dispersion me- 
dium containing a water-insoluble emulsifier 
which dissolves in the dispersion medium, 
while stirring the system until the dispersion 
medium forms droplets in the aqueous solu- 
tion and an emulsion is obtained; and 

b) adding additional dispersion medium to 
saturate the aqueous solution with the disper- 
sion medium and to form droplets of the 
emulsion in the dispersion medium; 

D) solidifying the dispersed droplets by cooling, 
covalent crosslinking or by polymerizitation to 
form beads of the polymer matrix each bead 
having a large number of pores containing the 
dispersion medium ; and 

E) washing out the dispersion medium from the 
pores of the beads to form the macroporous 
particles with a large number of cavities. 

Subsequent to the removal of the solid or liquid 
cavity generating compound, the resultant micro- 
porous particles can either be derivatized or used 
directly for their intended purposes. 

The matrix forming compound is selected from 
proteins, polysaccharides or synthetic polymers. 
Examples of compounds which can be used are: 
proteins - gelatin, albumin 
polysaccharides - dextran, agarose 
synthetic polymers - polyacrylamide. 

An example of a solid cavity generating com- 
pound is calcium carbonate, which after the par- 
ticles have been produced by dispersing the mix- 
ture in a water-insoluble dispersion medium and 
the matrix has been made insoluble in water, can 
be removed by treating the system with an acid. 

When the cavity generating compound used is 
in liquid form, it is necessary to add emulsifiers. 
The aqueous solution of the matrix is' admixed with 
a water soluble emulsifier (characterized by an 
HLB-value greater than 9). Droplets of the cavity 
generating compound are formed by continuously 
adding the liquid cavity generating compound ad- 
mixed with a water-insoluble emulsifier 
(characterized by a HLB-value lower than 8) to the 
aqueous solution of the matrix while stirring the 
system; the more vigorous the agitation the smaller 
the droplets formed. When the cavity generating 
compound has been added in an amount sufficient 
to saturate the aqueous solution of the matrix ma- 
terial, further addition will cause the matrix solution 
to form droplets in the excess of the cavity gen- 



erating compound. By selecting emulsifiers which 
result in stable dispersions, particles of the matrix 
material which contain droplets of the cavity gen- 
erating compound are obtained, subsequent to ren- 

5 dering the matrix insoluble in water. The cavity 
generating compound is then washed out with a 
solvent. The majority of organic solvents (water 
insoluble) can be used as the liquid cavity generat- 
ing compound, as can also vegetable oils or min- 

w eral oils. Examples of suitable emulsifiers are 
Span® 85, Arlacel® 83 (water insoluble) and 
Tween® 80, Triton® X-100 (water soluble). 

Example 1 

75 

Thermal gelation (liquid cavity generating com- 
pound). 

Gelatin was dissolved by heating the same in 

20 water to a concentration of 10 % (w/v). 6 g of 
emulsifier (Tween® 80) were added to 100 ml of 
the gelating solution. 500 ml. of toluene containing 
30 g emulsifier (Span® 85) were then stirred into 
the solution. When beads of the desired size had 

25 formed, the dispersion was cooled to a temperature 
beneath the solidification temperature of the gela- 
tin. The aforedescribed process results in the for- 
mation of gelatin beads which are saturated with 
droplets of toluene. These toluene droplets can be 

30 removed by washing the beads with ethanol and 
acetone, therewith providing a gelatin bead which 
is filled with cavities. 

The gelatin beads can then be cross-linked 
with, for example, glutardialdehyde, in order to 

35 further increase stability- 
Example 2 

Thermal gelation (solid cavity generating com- 
40 pound). 

10 g of calcium carbonate were added to 100 
ml of gelatin solution (10 % w/v), whereafter beads 
were produced in accordance with Example 1. The 
45 beads were treated with acid, so as to dissolve the 
calcium carbonate and therewith form cavities in 
the beads. 

Example 3 

50 

Polymerization. 

Acrylamide (17 g) and bisacrylamide (1.2 g) 
were dissolved in a Tris-buffer (100 ml 0.05M, pH 
55 7). Ammonium persulphate (0.5 g/ml, 0.25 ml) and 
emulsifier (Triton® x-100, 6 g) were added to the 
monomer solution. 500 ml of toluene containing an 
emulsifier (Span® 85, 30 g) were then stirred into 
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the system. TEMED (co-catalyst, 1.3 ml) was then 
added to the system. The organic solvents were 
washed out with ethanol and acetone, upon ter- 
mination of the polymerization process. 

Example 4 



Covalent cross-linking. 

Sodium hydroxide (0.7 g) and emulsifier 
(Tween® 80, 6 g) were added to an aqueous 
solution of dextran (10 %, w/v, 100 ml). Toluene 
(500 ml) having an emulsifier (Span® 85, 30 g) and 
epichlorohydrin (1.5 g) dissolved therein was then 
added to the solution while stirring the system. The 
temperature of the system was raised to 40 *C 
over a period of 2 hours, and then to 70 " C over a 
further period of 12 hours. The resultant beads 
were washed with ethanol and acetone, in order to 
remove organic solvent. The properties of the 
beads formed can be varied, by varying the quan- 
tity of dextran and the quantity of epichlorohydrin 
used. 

Example 5 

Covalent cross-linking. 

Chitosan was dissolved in formic acid (5 %, 
w/v) to a concentration of 30 g/l. 100 ml of solution 
were admixed with emulsifier (Tween® 80, 6 g) 
and, while stirring the system, with toluene (500 ml) 
containing an emulsifier (Span® 85, 30 g). Subse- 
quent to obtaining beads of the desired size, form- 
aldehyde (20 ml) was added to the system. The 
resultant beads were washed with methanol after a 
time lapse of one hour. 

Claims 

1. Macroporous particles to be used as ion ex- 
changer in gel filtration, hydrophobic 
chromatography, affinity chromatography or as 
microcarriers in cell cultivation processes, 
characterized in that they have a particle size 
of 10-500 urn and consist of a polymer matrix 
enclosing a large number of cavities having a 
diameter of 1-50 urn which particles have been 
produced by mixing a solution of a matrix 
material, prepared by dissolving a polymer 
and/or polymerizable monomers in an aqueous 
solvent for the matrix material and addition of a 
water-soluble emulsifier, with a solid cavity 
generating compound to make a suspension of 
the solid compound in the solution; forming 
particles of the polymer matrix by dispersion of 
the suspension in a water-insoluble dispersion 
medium containing a water-insoluble emulsifier 
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and solidifying the suspension droplets ob- 
tained in the medium; and washing out the 
solid cavity generating compound from the 
particles. 

5 

2. Macroporous particles to be used as ion ex- 
changer in gel filtration, hydrophobic 

. chromatography, affinity chromatography or as 
microcarriers in cell cultivation processes, 

w characterized in that they have a particle size 

of 10-500 urn and consist of a polymer matrix 
enclosing a large number of cavities having a 
diameter of 1-50 urn which particles have been 
produced by mixing a solution of a matrix 

75 material, prepared by dissolving a polymer 

and/or polymerizable monomers in an aqueous 
solvent for the matrix material and addition of a 
water-soluble emulsifier, with a water-insoluble 
dispersion medium containing a water-insolu- 

20 ble emulsifier to make a dispersion of the 

medium in the solution; forming particles of the 
polymer matrix by dispersing the dispersion in 
a further amount of the dispersion medium and 
solidifying the dispersion droplets obtained in 

25 the medium; and washing out the dispersion 

medium from the particles. 

3. Particles according to Claim 1 or 2, character- 
ized in that the particles have a size of ap- 

30 proximately 200 urn and that the cavities have 

a diameter of approximately 10-20 u.m. 

4. Particles according to any of Claims 1-3 , 
characterized in that the polymer matrix com- 

35 prises a protein, a polysaccharide or a syn- 

thetic polymer. 

5. A method of producing macroporous particles 
to be used as ion exchanger in gel filtration, 

40 hydrophobic chromatography, affinity 

chromatography or as microcarriers in cell cul- 
tivation processes, having a particle size of 10- 
500 urn and comprising a polymer matrix 
which encloses a large number of cavities of a 
45 diameter of 1-50 urn, characterized in 

(A) dissolving a matrix material, selected 
from a water-soluble polymer and/or poly- 
merizable monomers, in an aqueous solvent 
for the matrix material; 
so (B) adding a water-soluble emulsifier; 

(C) forming cavity containing droplets of the 
matrix material by: 

a) adding a liquid cavity generating ma- 
terial consisting of a water-insoluble dis- 
ss persion medium containing a water-in- 
soluble emulsifier which dissolves in the 
dispersion medium, while stirring the 
system until the dispersion medium 
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forms droplets in the aqueous solution 
and an emulsion is obtained; and 
b) adding additional dispersion medium 
to saturate the aqueous solution with the 
dispersion medium and to form droplets 
of the emulsion in the dispersion me- 
dium; 

D) solidifying the dispersed droplets by 
cooling, covalent crosslinking or by poly- 
merizitation to form beads of the polymer 
matrix each bead having a large number of 
pores containing the dispersion medium ; 
and 

E) washing out the dispersion medium from 
the pores of the beads to form the macro- 
porous particles with a large number of cav- 
ities. 

A method of producing macroporous particles 
to be used as ion exchanger in gel filtration, 
hydrophobic chromatography, affinity 
chromatography or as microcarriers in cell cul- 
tivation processes, having a particle size of 10- 
500 urn and comprising a polymer matrix 
which encloses a large number of cavities of a 
diameter of 1-50 um, characterized in 

(A) dissolving a matrix material, selected 
from a water-soluble polymer and/or poly- 
merizable monomers, in an aqueous solvent 
for the matrix material; 

(B) adding a water-soluble emulsifier; 

(C) forming cavity containing droplets of the 
matrix material by: 

a) adding a solid cavity generating com- 
pound which is insoluble in the aqueous 
solution while stirring the system to form 
a suspension of the cavity generating 
compound in the aqueous solution; and 

b) adding the suspension to a water- 
insoluble dispersion medium containing a 
water-insoluble emulsifier which dis- 
solves in the dispersion medium while 
stirring to form a dispersion of droplets of 
the suspension in the dispersion medi- 
um; 

D) solidifying the dispersed droplets by 
cooling, covalent crosslinking or by poly- 
merizitation to form beads of the polymer 
matrix each bead having a large number of 
pores containing the solid cavity generating 
compound; and 

E) washing out the solid cavity generating 
compound from the pores of the beads to 
form the macroporous particles with a large 
number of cavities. 

A method according to Claim 5 or 6, character- 
ized in that the water-insoluble dispersion me- 



dium is an organic solvent, a vegetable oil or a 
mineral oil. 

8- A method according to claim 6, characterized 
5 in that the solid cavity generating compound is 

calcium carbonate. 

9. A method according to any of Claims 5-8, 
characterized in binding negative groups, posi- 

w tive groups, hydrophobic groups or affinity 

ligands to the matrix of the produced particles. 

10. A method according to any of Claims 5-9, 
characterized in selecting the matrix material 

75 from the group of proteins, polysaccarides or 

polymerizable monomers. 

11. The use of macroporous particles according to 
Claim 1 or 2 with a particle size of 10-500 um 

20 and comprising a polymer matrix enclosing a 

large number of cavities having a diameter of 
1-50 um as an ion exchanger in gel filtration, 
hydrophobic chromatography, affinity 
chromatography or as microcarriers in cell cul- 

25 tivation processes. 

Patentanspruche 

1. Makroporose Partikel zur Verwendung als lo- 
30 nenaustauscher bei Gelfiltration, hydrophober 

Chromatographic, Affinitatschromatographie 
Oder als Mikrotrager bei Zellkultivierungspro- 
zessen, dadurch gekennzeichnet, daB sie eine 
PartikelgroBe von 10 bis 500 um aufweisen 

35 und aus einer Polymermatrix bestehen, die 

eine groBe Zahl von Hohlraumen mit einem 
Durchmesser von 1 bis 50 um umfaBt, wobei 
die Partikel erzeugt worden sind durch Mi- 
schen einer Losung eines Matrixmaterials, wel- 

40 ches durch Losen eines Polymers und/oder 

polymerisierbarer Monomere in einem wassri- 
gen Losungsmittel fur das Matrixmaterial und 
durch Zugabe eines wasserloslichen Emula- 
tors hergestellt ist, mit einer festen, hohlraum- 

45 erzeugenden Verbindung, um eine Suspension 

der festen Verbindung in der Lbsung herzu- 
stellen; durch Bilden von Partikeln der Poly- 
mermatrix durch Dispersion der Suspension in 
einem wasserunloslichen Dispersionsmedium, 

so das einen wasserunloslichen Emulgator ent- 

halt, und durch Verfestigen der in dem Medi- 
um gewonnenen Suspensionstropfchen; und 
durch Auswaschen der festen, hohlraumerzeu- 
genden Verbindung aus den Partikeln. 

55 

2. Makroporose Partikel zur Verwendung als lo- 
nenaustauscher bei Gelfiltration, hydrophober 
Chromatographie, Affinitatschromatographie 



5 
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oder als Mikrotrager bei Zellkultivierungspro- 
zessen, dadurch gekennzeichnet, daB sie eine 
PartikelgroBe von 10 bis 500 urn aufweisen 
und aus einer Polymermatrix bestehen, die 
eine grofle Zahl von Hohlraumen mit einem 5 
Durchmesser von 1 bis 50 urn umfaBt, wobei 
die Partikel erzeugt worden sind durch Mi- 
schen einer Losung eines Matrixmaterials, das 
durch Losen eines Polymers und/oder polyme- 
risierbarer Monomere in einem wassrigen L6- w 
sungsmittel fur das Matrixmaterial und durch 
Zugabe eines wasserloslichen Emulgators her- 
gestellt ist, mit einem wasserunloslichen Dis- 
persionsmedium, das einen wasserunloslichen 
Emulgator enthalt, um eine Dispersion des Me- is 
diums in der Losung herzustellen; durch Bil- 
den von Partikeln der Polymermatrix durch 
Dispergieren der Dispersion in einer weiteren 
Menge des Dispersionsmediums und durch 
Verfestigen der in dem Medium gewonnenen 20 
Dispersionstropfchen; und durch Auswaschen 
des Dispersionsmediums aus den Partikeln. 

3. Partikel gema'B Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB die Partikel eine GroBe 25 
von etwa 200 um aufweisen und daB die Hohl- 
raume einen Durchmesser von etwa 10 bis 20 

um aufweisen. 

4. Partikel gemafi einem der Anspruche 1 bis 3, 30 
dadurch gekennzeichnet, daB die Polymerma- 
trix ein Protein, ein Polysaccharid oder ein 
synthetisches Polymer enthalt. 

5. Verfahren zum Herstellen makroporoser Parti- 35 
kel, die als lonenaustauscher bei Gelfiltration, 
hydrophober Chromatographic, Affinitatschro- 
matographie oder als Mikrotrager bei Zellkulti- 
vierungsprozessen verwendet werden, wobei 

sie eine PartikelgroBe von 10 bis 500 um ao 
aufweisen und eine Polymermatrix enthalten, 
die eine groBe Zahl von Hohlraumen eines 
Durchmessers von 1 bis 50 um umfaBt, ge- 
kennzeichnet durch 

(A) Losen eines Matrixmaterials, das aus 45 
einem wasserloslichen Polymer und/oder 
polymerisierbaren Monomeren ausgewahlt 

ist, in einem wassrigen Losungsmittel fur 
das Matrixmaterial; 

(B) Hinzugeben eines wasserloslichen 50 
Emulgators; 

(C) Bilden von hohlraumenthaltenden Tropf- 
chen des Matrixmaterials durch: 

a) Hinzugeben eines flussigen, hohlraum- 
erzeugenden Materials, das aus einem 55 
wasserunloslichen Dispersionsmedium 
besteht, das einen wasserunloslichen 
Emulgator enthalt, der sich in dem Dis- 
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persionsmedium lost, wahrend das Sy- 
stem geruhrt wird, bis das Dispersions- 
medium Tropfchen in der wassrigen Lo- 
sung bildet und eine Emulsion gewonnen 
wird; und 

b) Hinzugeben von zusatzlichem Disper- 
sionsmedium, um die wassrige Losung 
mit dem Dispersionsmedium zu sattigen 
und um Tropfchen der Emulsion in dem 
Dispersionsmedium zu bilden; 

(D) Verfestigen der dispergierten Tropfchen 
durch Abkuhlen, kovalente Vernetzung oder 
durch Polymerisation, um Kugelchen der 
Polymermatrix zu bilden, wobei jedes Ku- 
gelchen eine groBe Zahl von Poren auf- 
weist, die das Dispersionsmedium enthal- 
ten; und 

(E) Auswaschen des Dispersionsmediums 
aus den Poren der Kugelchen, um die ma- 
kroporbsen Partikel mit einer groBen Zahl 
von Hohlraumen zu bilden. 

6. Verfahren zum Herstellen makroporoser Parti- 
kel, die als lonenaustauscher bei Gelfiltration, 
hydrophober Chromatographie, Affinitatschro- 
matographie oder als Mikrotrager bei Zellkulti- 
vierungsprozessen verwendet werden, wobei 
sie eine PartikelgroBe von 10 bis 500 um 
aufweisen und eine Polymermatrix enthalten, 
die eine groBe Zahl von Hohlraumen eines 
Durchmessers von 1 bis 50 um umfaBt, ge- 
kennzeichnet durch 

(A) Losen eines Matrixmaterials, das aus 
einem wasserloslichen Polymer und/oder 
polymerisierbaren Monomeren ausgewahlt 
ist, in einem wassrigen Losungsmittel fur 
das Matrixmaterial; 

(B) Hinzugeben eines wasserloslichen 
Emulgators; 

(C) Bilden von hohlraumenthaltenden Tropf- 
chen des Matrixmaterials durch: 

a) Hinzugeben einer festen, hohlraumer- 
zeugenden Verbindung, die in der wass- 
rigen Losung unloslich ist, wahrend das 
System geruhrt wird, um eine Suspen- 
sion der hohlraumerzeugenden Verbin- 
dung in der wasserigen Losung zu bil- 
den; und 

b) Hinzugeben der Suspension zu einem 
wasserunloslichen Dispersionsmedium, 
das einen wasserunloslichen Emulgator 
enthalt, der sich in dem Dispersionsme- 
dium lost, wahrend geruhrt wird, um eine 
Dispersion von Tropfchen der Suspen- 
sion in dem Dispersionsmedium zu bil- 
den; 

(D) Verfestigen der dispergierten Tropfchen 
durch Abkuhlen, kovalente Vernetzung oder 
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durch Polymerisation, um Kugelchen der 
Polymermatrix zu bilden. wobei jedes Ku- 
gelchen eine groGe Zahl von Poren auf- 
weist, die die teste, hohlraumerzeugende 
Verbindung enthalten; und 
(E) Auswaschen der festen, hohlraumerzeu- 
genden Verbindung aus den Poren der Ku- 
gelchen, um die makroporosen Partikel mit 
einer groflen Zahl von Hohlraumen zu bil- 
den. 

7. Verfahren gemaG Anspruch 5 Oder 6, dadurch 
gekennzeichnet, daB das wasserunlosliche Dis- 
persionsmedium ein organisches Losungsmit- 
tel, ein pflanzliches Ol oder ein mineratisches 
Ol ist. 

8. Verfahren gemaG Anspruch 6, dadurch ge- 
kennzeichnet, daB die teste, hohlraumerzeu- 
gende Verbindung Calciumcarbonat ist. 

9. Vertahren gemaG einem der Anspruche 5 bis 

8, gekennzeichnet durch das Binden von nega- 
tiven Gruppen, positiven Gruppen, hydropho- 
ben Gruppen oder Affinitatstiganden an die 
Matrix der erzeugten Partikel. 

10. Verfahren gemaG einem der Anspruche 5 bis 

9, gekennzeichnet durch das Auswahlen des 
Matrixmaterials aus der Gruppe von Proteinen, 
Potysacchariden oder polymerisierbaren Mono- 
meren. 

11. Verwendung von makroporosen Partikeln ge- 
maG Anspruch 1 oder 2, die eine PartikelgroBe 
von 10 bis 500 um aufweisen und eine Poly- 
mermatrix enthalten, die eine groGe Zahl von 
Hohlraumen umfaGt, die einen Durchmesser 
von 1 bis 50 um aufweisen, als ein lonenaus- 
tauscher bei der Gelfiltration, der hydrophoben 
Chromatographie, der Affinttatschromatogra- 
phie oder als Mikrotrager bei Zellkultivierungs- 
prozessen. 
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par£e par dissolution d'un polymere et/ou de 
monomeres polymerisables dans un solvant 
aqueux pour la matiere du reseau de base et 
par addition d'un emulsifiant soluble dans 
I'eau, avec un compose solide generant des 
cavitds pour obtenir une suspension du com- 
pose solide dans la solution; la formation de 
particules du reseau de base polymere par 
dispersion de la suspension dans un agent de 
dispersion insoluble dans Peau contenant un 
emulsifiant insoluble dans I'eau, ainsi que la 
solidification des gouttelettes de la suspension 
obtenues dans I'agent de dispersion; et le lava- 
ge du compose solide generant des cavites 
afin de Peliminer des particules. 

Particules macroporeuses destinees a etre uti- 
lisees comme echangeur d'ions dans la filtra- 
tion sur gel, la chromatographie hydrophobe, la 
chromatographie par affinite ou comme micro- 
porteurs dans les processus de culture de 
cellules, caracterisees en ce qu'elles ont une 
taille de particule de 10-500 um et en ce 
qu'elles consistent en un reseau de base poly- 
mere renfermant un grand nombre de cavites 
ayant un diametre de 1-50 um, ces particules 
ayant ete produites par: le melange d'une solu- 
tion d'une matiere du reseau de base, prepa- 
ree par dissolution d'un polymere et/ou de 
monomeres polymerisables dans un solvant 
aqueux pour la matiere du reseau de base et 
par addition d'un emulsifiant soluble dans 
I'eau, avec un agent de dispersion insoluble 
dans I'eau contenant un emulsifiant insoluble 
dans I'eau pour obtenir une dispersion de 
I'agent de dispersion dans la solution; la for- 
mation de particules du reseau de base poly- 
mere par dispersion de la dispersion dans une 
quantite additionnelle de I'agent de dispersion, 
ainsi que la solidification des gouttelettes de la 
dispersion obtenues dans I'agent de disper- 
sion; et le lavage de I'agent de dispersion afin 
de I'eliminer des particules. 



Revendications 

1. Particules macroporeuses destinees a etre uti- 
lisees comme echangeur d'ions dans la filtra- 
tion sur gel, la chromatographie hydrophobe, la 
chromatographie par affinite ou comme micro- 
porteurs dans les processus de culture de 
cellules, caracterisees en ce qu'elles ont une 
taille de particule de 10-500 um et en ce 
qu'elles consistent en un reseau de base poly- 
mere renfermant un grand nombre de cavites 
ayant un diametre de 1-50 um, ces particules 
ayant ete produites par : le melange d'une 
solution d'une matiere du reseau de base, pre- 



45 3. Particules selon la revendication 1 ou 2, carac- 
terisees en ce que les particules ont une taille 
d'approximativement 200 um et en ce que les 
cavites ont un diametre d'approximativement 
10-20 um. 

50 

4. Particules selon Tune quelconque des revendi- 
cations 1-3, caracterisees en ce que le reseau 
de base polymere comprend une proteine, un 
polysaccharide ou un polymere synthetique. 

55 

5. Procede de production de particules macropo- 
reuses destinies a etre utilisees code Echan- 
geur d'ions dans la filtration sur gel, la chroma- 
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tographie hydrophobe, la chromatographie par 
affinity ou comme microporteurs dans les pro- 
cessus de culture de cellules, ayant une taille 
de particule de 10-500 urn et comprenant un 
reseau de base polymere qui renferme un 
grand nombre de cavites d'un diametre de 1- 
50 urn, caracterise* par : 

(A) la dissolution d'une matiere du reseau 
de base, choisie parmi un polymere soluble 
dans I'eau et/ou des monomeres polymeri- 
sables, dans un solvant aqueux pour la ma- 
tiere du reseau de base; 

(B) I'addition d'un emulsifiant soluble dans 
I'eau; 

(C) la formation de gouttelettes de la matie- 
re du reseau de base contenant des cavites 
par : 

a) addition d'une matiere liquide gdne- 
rant des cavites, consistant en un agent 
de dispersion insoluble dans I'eau conte- 
nant un emulsifiant insoluble dans I'eau 
qui se dissout dans I'agent de disper- 
sion, tout en agitant le systeme jusqu'a 
ce que ('agent de dispersion forme des 
gouttelettes dans la solution aqueuse et 
qu'une emulsion soit obtenue; et 

b) addition d'agent de dispersion addi- 
tionnel pour saturer la solution aqueuse 
avec I'agent de dispersion et pour former 
des gouttelettes de I'emulsion dans 
I'agent de dispersion; 

(D) la solidification des gouttelettes disper- 
sees par refroidissement, par reticulation 
covalente ou par polymerisation pour former 
des perles du reseau de base polymere, 
chaque perle ayant un grand nombre de 
pores contenant I'agent de dispersion; et 

(E) le lavage de I'agent de dispersion afin 
de I'eliminer des pores des perles pour 
former les particules macroporeuses avec 
un grand nombre de cavites. 

6. Procede de production de particules macropo- 
reuses destinees a etre utilisees conune 
echangeur d'ions dans la filtration sur gel, la 
chromatographie hydrophobe, la chromatogra- 
phie par affinite ou comme microporteurs dans 
les processus de culture de cellules, ayant une 
taille de particule de 10-500 urn et comprenant 
un reseau de base polymere qui renferme un 
grand nombre de cavites d'un diametre de 1- 
50 urn, caracterise par : 

(A) la dissolution d'une matiere du reseau 
de base, choisie parmi un polymere soluble 
dans I'eau et/ou des monomeres polymeri- 
sables, dans un solvant aqueux pour la ma- 
tiere du reseau de base; 



15 



20 



(B) I'addition d'un emulsifiant soluble dans 
I'eau; 

(C) la formation de gouttelettes de la matie- 
re du reseau de base contenant des cavites 
par : 

a) addition d'un compost solide generant 
des cavites, qui est insoluble dans la 
solution aqueuse, tout en agitant le sys- 
teme pour former une suspension du 
compose generant des cavites dans la 
solution aqueuse; et 

b) addition de la suspension a un agent 
de dispersion insoluble dans I'eau conte- 
nant un emulsifiant insoluble dans I'eau, 
qui se dissout dans I'agent de disper- 
sion, tout en agitant pour former une 
dispersion de gouttelettes de la suspen- 
sion dans I'agent de dispersion; 

(D) la solidification des gouttelettes disper- 
sees par refroidissement, par reticulation 
covalente ou par polymerisation pour former 
des perles du reseau de base polymere, 
chaque perle ayant un grand nombre de 
pores contenant le compose solide generant 
des cavites; et 

(E) le lavage du compose sofide generant 
des cavites afin de I'eliminer des pores des 
perles, pour former les particules macropo- 
reuses avec un grand nombre de cavites. 

7. Procede selon la revendication 5 ou 6, caracte- 
rise en ce que I'agent de dispersion insoluble 
dans I'eau est un solvant organique, une huile 
vegetale ou une huile minerale. 

8. Procede selon la revendication 6, caracterise 
en ce que le compose solide generant des 
cavites est le carbonate de calcium. 



40 9. Procede selon Tune quelconque des revendi- 
cations 5-8, caracterise* par la liaison de grou- 
pes negatifs, de groupes positifs, de groupes 
hydrophobes ou de ligands a affinite avec le 
reseau de base des particules produites. 

45 

10. Procede selon Tune quelconque des revendi- 
cations 5-9, caracterise" par le choix de la ma- 
tiere du reseau de base a partir du groupe 
constitue par des proteines, des polysacchari- 

50 des ou des monomeres polymerisables. 

11. Utilisation de particules macroporeuses selon 
la revendication 1 ou 2, presentant une taille 
de particule de 10-500 urn et comprenant un 

55 reseau de base polymere renfermant un grand 

nombre de cavites ayant un diametre de 1-50 
urn, comme echangeur d'ions dans la filtration 
sur gel, la chromatographie hydrophobe, la ch- 
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romatographie par affinite ou comme micropor- 
teurs dans les processus de culture de cellu- 
les. 
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